Separation and determination of some trivalent metal ions using rhodamine B grafted polyurethane foam  by Moawed, E.A. et al.
Journal of Saudi Chemical Society (2013) 17, 47–52King Saud University
Journal of Saudi Chemical Society
www.ksu.edu.sa
www.sciencedirect.comORIGINAL ARTICLESeparation and determination of some trivalent metal
ions using rhodamine B grafted polyurethane foamE.A. Moawed a,b,*, A.B. Farag c, M.F. El-Shahat da Chemistry Department, Eduction College, Dammam University, Saudi Arabia
b Chemistry Department, Faculty of Science, Mansoura University, Damietta, Egypt
c Chemistry Department, Faculty of Science, Helwan University, Ain Helwan, Egypt
d Chemistry Department, Faculty of Science, Ain Shams University, Cairo, EgyptReceived 20 December 2010; accepted 2 March 2011
Available online 16 March 2011*
leg
A
E
13
El
Pe
doKEYWORDS
Polyurethane foam;
Rhodamine B;
Bismuth;
Antimony;
IronCorresponding author at:
e, Dammam University, P.
rabia. Tel.: +966 050 524 19
-mail address: eamoawed@y
19-6103 ª 2011 King Saud
sevier B.V.
er review under responsibilit
i:10.1016/j.jscs.2011.03.001
Production and h
Open access under CChemistr
O. Box 2
21, fax: +
ahoo.co
Universit
y of King
osting by E
C BY-NC-Abstract The incorporation of rhodamine B into polyurethane foam matrix was prepared by mix-
ing the rhodamine B with polyol (polyether) prior to the addition of diisocyanate reagent to form
the polyurethane foam material. Rhodamine B grafted polyurethane foam (Rod.B-PUF) was found
to be very suitable for the separation and preconcentration of trivalent metal ions e.g. bismuth (III),
antimony (III) and iron (III) from thiocyanate solutions. Bismuth and antimony were separated
from concentrated acid medium (1–6 MH2SO4). Iron (III) was separated from pH 1 to 3. The kinet-
ics of sorption of the Bi (III), Sb (III) and Fe (III) onto the Rod.B-PUF was found to be fast, the
extraction is accomplished from 5 to 10 min with average values of half-life of sorption (t1/2) of
2.9 min. The average values of the Gibbs free energy (DG) for the sorption of metal ions onto
Rod.B-PUF are 6.6 kJ mol1, which reﬂect the spontaneous nature of sorption process. The sorp-
tion mechanism of the metal ion onto Rod.B-PUF was also discussed.
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ND license.1. Introduction
White polyurethane foam (Braun et al., 1985; Moawed, 2008),
composite polyurethane foam (Sone et al., 2009; Zhou et al.,
2009) and polyurethane foam immobilizing organic reagents
(loaded-PUF) proved to be suitable for many industrial sepa-
ration processes and laboratory chemical analysis (de Almeida
et al., 2007; Robaina et al., 2009). Two main problems neces-
sitate the need for preparation of PUF in which organic
reagents or functional groups are chemically bonded: lack of
selectivity of white-PUF and leaching of reagents from
loaded-PUF. Few trials have been reported in the literature
for anchoring functional groups on polyurethane foam mem-
branes (Grafted-PUF). Grafted-PUF plays an increasing role
48 E.A. Moawed et al.in preconcentration and separation of trace elements
(El-Shahat et al., 2003, 2007, 2010; Moawed, 1994, 2004;
Moawed et al., 2003). These sorbents are specially useful in
trace analysis, preconcentration and separation of uranium,
iron, zinc, cadmium and mercury from waste water.
The importance of the trivalent metal ions e.g. Bi (III), Sb
(IIII) and Fe (III) has grown many folds in recent years due
to the increasing applications. The determination of trace of
these metal ions in samples with inexpensive method is one of
the principal challenges facing scientists. Several methods were
described for the separation and determination of these metal
ions e.g. coprecipitation (Kagaya et al., 2005), liquid–liquid
extraction (Gumus et al., 2005; Trivelin et al., 2006), solid phase
extraction. Also, many types of adsorbents e.g. Amberlite
XAD-2 resin modiﬁed with 2-(5-bromo-2-pyridylazo)-5-dieth-
ylaminophenol (Taher et al., 2004), PSTH-Dowex (Carrero
et al., 2004), chromosorb-107 (Rojas et al., 2007), Amberlite
XAD-8 resin (Ozdemir et al., 2004), cellulose paper (Teixeira
et al., 2007), silica gel (Chang et al., 2007) and polyurethane
foam (El-Shahawi et al., 1997; Raychaudhuri et al., 1994) have
been developed for the recovery of metal ions from aqueous
media.
In the present work we prepare rhodamine B grafted poly-
urethane (Rod.B-PUF) by mixing the rhodamine B, polyol
(polyether type) and toluene diisocyanate (TDI). The behavior
of trivalent metal ions e.g. bismuth (III), antimony (III) and
iron (III) on Rod.B-PUF in thiocyanate media were thor-
oughly investigated using batch and dynamic processes.
Rod.B-PUF was characterized by high sensitivity and selectiv-
ity, which depends mainly on function groups, pH and concen-
tration of thiocyanate in the medium. The sorption mechanism
of the metal ion onto Rod.B-PUF was also discussed.2. Experimental
2.1. Apparatus
All spectrophotometric measurements were made on UV/Vis.
Perkin ‘‘Elmer’’ Lambda 3B spectrophotometer. The pH mea-
surements were carried out using pH meter (C104 Seibolwien).
Shaking water bath GCA Corporation precessions scientiﬁc
group Chicago, USA, Electrical stirrer VEP-MLW made in
Germany. Glass columns of about 15 cm long and 1.5 cm
diameter were employed in the chromatographic methods.
2.2. Reagents and material
Stock solutions 1 mg mL1 of bismuth, antimony and iron
were prepared by dissolving appropriate amounts of analytical
grade antimony metal, bismuth nitrate and ferric chloride in
distilled water containing 2 mL of concentrated H2SO4. Rho-
damine B (0.1%) solution dissolved 0.1 g in 100 mL distilled
water. Rod.B-PUF was prepared by coupling of rhodamine
B, polyol and toluene diisocyanate.
2.3. General procedures
2.3.1. Batch method
Separation and determination of Bi (III), Sb (III) and Fe (III)
were carried out using batch technique at 25 C except where
otherwise speciﬁed. A 0.2 g portion of the Rod.B-PUF wasmixed with 25 mL aliquot of tested metal ion solution
(2 lg mL1) in a shaker thermostatted to the desired tempera-
ture and adjusted to the desired shaking speed. After certain
time the solution was separated and the concentration of metal
ion was determined spectrophotometrically (Marczenko,
1986).
2.3.2. Column method
In the dynamic experiments 1 g of Rod.B-PUF was packed
into the column (15 · 1.5 cm) using the vacuum method of
foam packing (Chang et al., 2007). Test solution was passed
through the Rod.B-PUF column at ﬂow rate of 3 mL min1.
The stripping of the metal ions from the Rod.B-PUF column
was carried out with the eluting agent and the amount of the
metal ion was determined spectrophotometrically (Sone
et al., 2009).3. Results and discussion
O N(CH2CH3)2
+
Cl-
(CH3CH2)2N
C=O
OH
Rhodamine B; tetraethyl rhodamine; N-[9-(2-carboxy-
phenyl)-6-(diethylamino)-3-H-xanthene-3-yliedene]-N-ethyle-
thane ammonium chloride. Its molecular weight is 479 and
molecular formula is C28H31N2O3Cl. It is used in analytical
chemistry as extractive spectrophotometrically reagent for
the determination of some metal ions by forming ion-associa-
tion complexes which have the general formula [Rod.B][M Ln].
The earlier published procedure (Gumus et al., 2005) was syn-
thesized and characterized of Rod.B-PUF, the density of the
Rod.B-PUF was 73.1 kg m3. The higher density of the
Rod.B-PUF could be attributed to the interbonding between
the reagent and PUF groups. Also, the Rod.B-PUF has good
thermal stability, compared with other chelating resins
(Table 1).
3.1. Effect of pH
The effect of pH on the extraction of [Bi(SCN)4]
, [Sb(SCN)4]

and [Fe(SCN)4]
3 onto Rod.B-PUF was examined. For this
purpose an aliquot of the aqueous working solutions of the
elements each alone was shaken for 30 min with 0.2 g of
Rod.B-PUF in polyethylene bottle at various pHs and acidity.
The results were given in Fig. 1. It is obvious from these results
that the appropriate conditions for the extraction of iron (III)
are pH 0–3. The maximum extraction of bismuth (III) and anti-
mony (III) were obtained in 1–6 M H2SO4 (Table 2). The selec-
tivity sequence is Fe3+ > Sb3+ > Bi3+ in the pH range 1–3.
The values of the separation factor (a) for the sorptionof the iron
metal ions frombismuth and antimony usingRod.B-PUF at pH
range 2–3 are 4.8 and 5.3, respectively. These results show that
controlling the pH can play a role in enhancing the selectivity
of Fe3+ separation with Rod.B-PUF. The similarity of the
curves of Sb3+, Bi3+ could reasonably suggest that the sorption
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Figure 1 Effect of pH on the sorption of Bi (III), Sb (III) and Fe
(III) ions onto Rod.B-PUF.
Table 1 Characteristics of White-PUF and Rod.B-PUF
sorbents.
Property White-PUF Rod.B-PUF
Density (kg m3) 34.5 73.1
UV–Vis spectra
kmax (nm) 280 560
IR spectra
m-NCO (cm1) 2274.4 Disappear
m-OH and -NH (cm1) 3100–3600 3200–3800
m-CO (cm1) – 1760
Thermal analysis
Weight losses (%) 1.7, 38.8, 52.8, 7.2 1.0, 3.5, 36.3, 48.2, 14.2
Endothermic peak (C) 322.6, 374.7 320, 385
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Figure 3 Effect of shaking time on the extraction of Bi (III), Sb
(III) and Fe (III) ions.
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same mechanism.
3.2. Effect of ligand concentration
The effects of thiocyanate concentration on the extraction efﬁ-
ciency for Bi3+, Sb3+ and Fe3+ onto Rod.B-PUF were tested
using batch experiment. The results obtained are summarized
in Fig. 2. As is obvious from these curves the optimum thiocy-
anate concentration ranges necessary for the maximum extrac-
tion percentages of Bi3+, Fe3+ and Sb3+ were 5–50%, 10–50%
and 20–50% (0.65–5, 1.3–5 and 2.5–5 mol L1), respectively
(Table 2). These results show that the controlling of thiocya-
nate concentration can play a role to enhance the selectivity
of the tested metal ions separation with Rod.B-PUF.
3.3. Sorption kinetics
The rate of extraction of Bi (III), Sb (III) and Fe (III) onto
Rod.B-PUF were measured using batch technique at different
time intervals (1–60 min). The results obtained are presented in
Fig. 3. From the results obtained, the time for 70–80% sorp-0
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Figure 2 Effect of thiocyanate concentration on the sorption of
metal ions onto Rod.B-PUF.tion of tested metal ions is very fast and then becomes progres-
sively slower with increasing time. The time required for
sorption equilibrium for the tested metal ions was found to
be 5–10 min. This rapid extraction is due to the application
of Rod.B-PUF by using batch technique, which is relatively
fast and efﬁcient of Rod.B-PUF sorbent as compared to other
sorbents.
In order to study the particle diffusion mechanism, the
Morris–Weber equation ðqt ¼ kM
ﬃﬃ
t
p Þ, was applied where qt is
the amount of metal ions sorbed at time t, and kM is the rate
constant of interparticle transport (mmol g1 min1/2). A plot
of Qt versus t1/2 should be a straight line whose slope gives the
value of the diffusion rate constant. The obtained data show
that the diffusion rate is rapid and the average value of kM
is 6.8 mmol g1 min1/2 (Table 2). The diffusion rate sequence
was in order Fe (III) > Sb (III) > Bi (III). The difference in
diffusion rate constant of these metal ions onto Rod.B-PUF
may be attributed to their different ionic sizes.
The kinetic parameters for the sorption of the tested metal
ions onto the Rod.B-PUF according to a ﬁrst order reaction
and time dependence process were given by the Lagergren
equation logðqe  qtÞ ¼ log qe  k1t2:303
 
. A straight-line plot of
Table 2 Characteristics of Rod.B-PUF sorbent for the extraction of metal ions using batch technique.
Metal ions H2SO4 (mol/L) SCN
 (mol/L) Free energy (DG, kJ/mol) Capacity (Q, mmol/g) Distr. Coeﬀ. (Kd, mL/g)
Bi (III) 1–6 0.65–5 6.72 0.03 2375.0
Sb (III) 1–6 2.5–5 5.97 0.06 3000.0
Fe (III) 0.001–1 1.3–5 7.20 0.08 1437.5
50 E.A. Moawed et al.log (qe  qt) vs. t indicates that the process is a ﬁrst order reac-
tion. The average value of rate constant of the sorption
calculated from the slope is 0.326 min1. The average value
of half-life of the sorption of metal ions (t1/2) calculated is
2.9 min (Table 3). Also, the value of the half-life (t1/2) of
sorption of tested metal ions onto Rod.B-PUF was in order
Fe (III) > Bi (III) > Sb (III). These results show that the rate
constant of the sorption depends mainly on the reaction be-
tween chelating groups of Rod.B-PUF with the tested metal
ion (depends on the nature of the reactant).
3.4. Effect of salt concentration
The percentage of sorption of Bi (III), Sb (III) and Fe (III)
onto Rod.B-PUF were determined at equilibrium condition
as function of salt concentration (0.1–1 M) of Li2SO4, Na2SO4,
K2SO4 and (NH4)2SO4. The results obtained show that there
was no effect of salt concentration on the separation of the
tested metal ions.0
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Figure 4 Breakthrough curve for extraction of metal ions from
aqueous solution.
Table 3 Kinetic parameters for the sorption and desorption of me
Metal ions Rate constant
of interparticle
transport
(KM, mmol g
1 min1/2)
Rate constant
of sorption
(k1, min
1)
Bi (III) 3.9 0.347
Sb (III) 6.6 0.499
Fe (III) 9.8 0.1313.5. Sorption isotherms
The uptake of the metal ions onto Rod.B-PUF was determined
as a function of metal ion concentration in the aqueous solu-
tion. Fig. 4 shows plot of the concentration of each of these
metal ions in aqueous phase versus its concentration on the
Rod.B-PUF material. The isotherms show good linear
relationship over wide range of elements concentrations. The
values of the Gibbs free energy (DG) were estimated (DG=
RT ln Kc) The values (DG) for the sorption of Bi (III), Sb
(III) and Fe (III) onto Rod.B-PUF are 6.72, 5.97 and
7.20 kJ mol1, respectively, which reﬂect the spontaneous
nature of sorption process.
3.6. Breakthrough capacity
The capacity of Rod.B-PUF was calculated. The values ob-
tained for Bi (III), Sb (III) and Fe (III) were 0.03, 0.06 and
0.08 mmol g1 Rod.B-PUF, respectively, using column tech-
nique. The capacity sequence was in order Fe (III) > Sb
(III) > Bi (III) (Table 1), the difference in sorption capacitiestal ions onto Rod.B-PUF.
Rate constant
of desorption
(k1, min
1)
Overall rate
constant
(k0, min1)
Half life of
sorption
(t1/2, min)
0.022 0.369 2.0
0.043 0.542 1.4
0.007 0.138 5.3
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Figure 5 Effect of ﬂow rate on the height equivalent theoretical
plat of metal ions.
Table 4 Property of Rod.B-PUF column for sorption and desorption of metal ions.
Metal
ions
Height equivalent theoretical
plate (HETP, mm)
Flow rate of eluent (U,
mL min1)
Number of theoretical
plate (N)
Standard
deviation (r)
Bi (III) 1.1 10–20 73 2.96
Sb (III) 0.9 10–20 89 2.68
Fe (III) 0.8 20–30 100 2.53
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sizes.
The capacity of Rod.B-PUF column packed with 0.25 g
Rod.B-PUF for separation of Bi (III), Sb (III) and Fe (III)
was determined. A 250-mL aliquot of 10 lg mL1 of metal
ions was allowed to pass through the column at ﬂow rate of
2–5 mL min1. The efﬂuent solution was collected in 10 mL
volumetric ﬂasks. The amount of each fraction of the efﬂuent
(for each element) was measured spectrophotometrically (Sone
et al., 2009). The saturation of each column is reached after
passage of 110–160 mL of the metal ions (Fig. 4). The average
values of capacities of Rod.B-PUF column are estimated to be
0.057 mmol g1 (Table 2).
3.7. Effect of eluent ﬂow rate
The elution of Bi (III), Sb (III) and Fe (III) from the Rod.B-
PUF column was examined at different ﬂow rates of eluting
agent (5–20 mL min1). The metal ions were eluted from the
Rod.B-PUF column using 0.1 M NaOH. The chromatogram
indicates that the each metal ion could be completely eluted
in the ﬁrst 150–175 mL. Generally the curves are symmetrical
with relatively sharp peak. The values of height equivalent the-
oretical plate (HETP) were obtained from the elution curves
using Glueckauf ðHETP ¼ LW2=16V2RÞ and Van Deemeter
(HETP= A+ (B/U) + CU) equations, where VR is volume
of elutes at peak maximum, W is width of the peak, and L is
length of the foam bed. Good column efﬁciency as indicated
at low value of HETP was important if good separations were
to be achieved. The HETP value was found equal to 0.8–
1.1 mm at ﬂow rate 10–20 mL min1 (Table 3). The slight in-
crease in values of HETP with the increase of the ﬂow rate oc-
curred in case of eluting Fe (III) from the Rod.B-PUF column,
so that relatively high ﬂow rate could be applied without any
appreciable loss in column performance (Fig. 5). Finally, the
standard deviation of Rod.B-PUF column efﬁciency was cal-
culated (H= r2/L) with the average value is 2.72 (Table 4).
3.8. Preconcentration
The performance of the Rod.B-PUF column in the preconcen-
tration of Bi (III), Sb (III) and Fe (III) from different volumes
(25–1000 mL) of aqueous solution was studied. Elution of the
elements from the Rod.B-PUF column were effected with
25 mL of 2 M NaOH at ﬂow rate of 10 mL/min. Table 3 rep-
resents the results obtained for preconcentration of Bi (III), Sb
(III) and Fe (III), more or less complete recoveries (96–100%)
of these elements were obtained. These results show that the
metal ions can be sensitively concentrated from large volumes
of dilute aqueous solution using Rod.B-PUF packed column.
The preconcentration factor was estimated to be 40 with aver-
age RSD= 0.78%. Finally, the Grafted Rod.B-PUF could beused many times without decreasing their capacities
signiﬁcantly.
4. Sorption mechanism
The rate constant of interparticle transport sequence was in or-
der Fe (III) > Sb (III) > Bi (III). The difference in diffusion
rate constant of these metal ions onto Rod.B-PUF may be
attributed to their different ionic sizes. The value of the half-
life (t1/2) of sorption of tested metal ions onto Rod.B-PUF
was in order Fe (III) > Bi (III) > Sb (III) showing that the
adsorption process depends on the reaction between chelating
groups of Rod.B-PUF with the tested metal ion (depends on
the nature of the reactant). The average value of free energy
(DG) is 6.63 kJ mol1 for the sorption of Bi (III), Sb (III)
and Fe (III) ions onto Rod.B-PUF which conﬁrms the sponta-
neous chemisorptions type. The quaternary ammonium group
of Rod.B-PUF which forms ion-pairs with [Bi(SCN)4]
,
[Sb(SCN)4]
 and [Fe(SCN)4]
3 which have the general for-
mula [Rod.B-PUF][M (SCN)4].5. Conclusion
The present work deals with the preparation of new polymeric
extractant, polyurethane foam, based on the reagent incorpo-
rated into the structure through covalent bond. These new
extractors were used to separate trivalent metal ions from
aqueous solutions. Characterization of the grafted and loaded
Rod.B-PUF indicates that the grafted Rod.B-PUF is more sta-
ble than the loaded Rod.B-PUF, which has been recycled
many times after regeneration using 1 M HCl and NaOH
without decreasing their capacities signiﬁcantly. The negative
values of DG indicate that the spontaneous nature of the sorp-
tion of Bi (III), Sb (III) and Fe (III). Iron (III) was completely
separated in the pH ranges 0–3 in 1.3–5 mol L1 of NH4SCN
while bismuth (III) and antimony (III) were maximum
extracted in 1–6 M H2SO4 in 0.65–5 and 2.5–5 mol L
1 of
NH4SCN, respectively. Also, the average values of half-life
of sorption metal ions (t1/2) were 2.9 min.References
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